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NO. 

Hexcel Research 
Reference 6065 •June 16, 196«4 

//^ *' ™ /t 
^ 6 SO srr-f— 

Picatinny Arsenal 
Dovar, N. J. 

Attn: Procurement and Production Directorate 
SMUPA - PB1 

Subject: Contract Mo. DA-0U-?00-A»C-M77 ('<) 
Development and Evaluation of a Lightweight Aluminum Honeycomb Case 
Monthly Progress Report SS 

Gentlemen: 

enclosed is the report describing the work tone on th<? subject contract 

during the Month of May 1964. The report was prepared by the Advanced Struc-

tures Croup, Research Division, Hexcel Products, Inc., Berkeley 10, California. 

Ineludad as attachments are (I) Statement of "an Hours Expended - May 1961, 

(7) Schedule showing Current Progress - May 1964, and (1) Schedule showing 

Program of Ensuing Activities - June and July 1964. 

You: 1*. 

L-/C. Vicars 
Research Director 

D D C 

Dies 

ECV/jam 

l ^ U \] [K 
DDC IRA A 
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HEXCEL  RESEARCH COMTP-ACT MO.   DA-04-?00-ANC-«l77(A) 
REFTRENCE:  6065 June  16,  196«i 

REPORT or poo^RESS 
MAY  lyfcM 

1.     PCGT^ OF CASE HXL-3-*»77 

Th« datign of th« C«»« was modified using th« ncaults of th« 

•valuation of tha tasting on Caaa HXI-?-«»77 which «as given in Prograaa 

Raport §**,    Tha daslgn changes ara suanarisad balow: 

1.1 Tha cora contact  araa of th« anargy absorption cylinder was  raducad 

by asking tha eiromfarantial cora cutouts widar.    Saa riguns 1. 

Th« cora in tha aaptv rinp.s was cut out   instasd of baing prassad 

into a thinnar layar as in Casa HXL-?-«*77.   (Raf. «1.3.2, Prograaa 

Raport M). 

1.2 Tha diaaatar of  tha anargy absorption and  caps was  Incraaaad to 

tha sans dianstar as tha anargy abaorption cylinder.    This was dons 

to provide protection for tha hydroatatlc cylinder during the edge 

drop (ref,  I.S.S, Progress Report  I*), 

1.3 Tha diaaater of the hydrostatic end platea was increased beyond  the 

dlasMter of the  hydrostatic cylinder.     This was done to provide 

aupport   for tha energy abaorption core   in the end caps during the 

edge drop (ref.  H.3.3, Progress Raport  fu). 

l.H    The  inner skin of the hydrostatic and  caps was  increased  fro« 

.01? to  .016, and  two .01? reinforcing doublers were used  instead 

of one  aa on Case  MXL-?-H77.   (ref.  *.3.l. Progress  Raport  #•♦). 



HEXCEL  RESEARCH tOHTlACT HO.   DA-O«4-200-AHC-*77(A) 
REFERENCE:   606S JIJIIE  16,  I96«l 

?.     TESTING OF CASE  HXL-a-M?? 

2.1    Hydro«tattc !'p<t»ur» Twt 

Th«  Case was  damaged during praparations for the  flr«t  hydroatatlc 

pressure  test.     After  the Case was  repaired.   It waa  decided to post- 

pone the  pressure testing until after the vibration and drop tests 

had been  oovpleted.     After oo«npletioo of the drop tests,  it «as dla- 

covered that  the drop  tests had destroyed the  joint  seal between the 

end plate and the hydrostatic cylinder.    Thus, the hydrostatic pressure 

test was not  performed. 

2,2.   Vibration Test 

A vibration test was conducted  in which the Case was placed with the 

longitudinal axis  in a vertical direction and then vibrated along the 

longitudinal axis.    Peak acceleration values are su«e»arised in Table 1. 

Severe wrinkling occurred around the cireueference of  the front and 

rear end  caps and around the  circumference of the cylinder near the 

joint with  the rear end cap.     The  Caae was  then placed with the longi- 
T 

tudinal axis in a horizontal position and vibrated along the vertical 

axis.     Peak  acceleration values are suenariaed  in Table  1.    Crushing 

of the core and wrinkling occurred where the  fixture supports contacted 

the C4 
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2.3 ^rop T—tloa 

Drop Cctts were perforaed aftet the completion of the vibration testing. 

A iummmry of the drop testing is given in Table 2. The drops srf listed 

in the sequence  in which they wer« perforaad. 

2.4 tvaluation of Teet Msults 

2.4.1 IjOn^itudioal Axis Vibration Teat - T.»e only severe ampllfUatlon 

was 50 g*a at 133 cpa. Since thia Is nowhere near the resonance 

frequency of  the payload,  no probleai is anticipated. 

2.4.2 Vertical Aaia Vibration Taat   - Accalarometer #1  indicated that 

there waa  very little aaplifIcat ion at the end of  the payload 

(äquivalent  to the free end of a cantilever beaa) ■    The highest 

peak  reading on AccalerosMter #3 waa 38 g*s at  128 cpa.    This 

o 
peak occurred in s direction at   90    to the direction oi  vibration. 

Since  thia   is not near  the resonance frequency of  the  payload,  no 

problea ia  anticipated.    Uovcvar,  two peaks did occur  nesr  the 

payload  resonant  frequency:     30 g's at  195 cpa on Accelerometer #2 

and  28 g'a at  203 cpa  on Accelerometer #3.     Thia  could cause a very 

severe aaplificatlon with  the production payload  Installed in the 

Case.    No action will  be taken  to correct  this condition until 

theae  results are conflnsed by  testing on  future caaea. 

2.4.3    ftaar  End Prop Test   - The peak deceleration« during  the  rear and drop 

were muih higher  than  the  permlasible •axlataa of 40 g*s.    This had 

the   following cauaes: 

2.4.3.1    There waa no bond between "he end cap energy absorption core 

and the akin of  the hydroatatic  end plate.     The loos« cor« 

1 



HEXCEL   RESEARCH COMTRACT  VO.   DA-0'»-?aO-A'<C-'*77( A) 
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''.'«.I.I   (r.ntinued) 

cau^*»'1  a nabound art ton wh«n the end  cap contacted  the 

rloort  r<es>iltinf>  in hl^h  peaV   ?*s. 

P.1*.3.? The  air sealed   in  the end  can experienced a sudden  cosrprea- 

sion  a.i   the  cap contacted the   floor.     As the dropping 

actl'»n  contlnuad,  the  volu»«e of  air was  coriDressed   furthar 

untM   the  sHn  Cracker,  oemittinc;  the   lir to cscaoe.     Dur- 

Ini»  thin  short   -»erlod of  tim^,  the  compnussed  air caused  a 

rebound  action,  resulting  in hirh  neaV   g's. 

?.'4.'»     Flit  Dron Tests 

The drops   in  Positions  "1  and #? both  resulted   in peak   ^'s higher 

than  the pensissible f^aximuip of  ?7  v'a.     The  reasons  for the  high 

pesV   p'a   In   the   PoriHon   ^l   dron wer^,   firet,   that  the  roar end  cap, 

already crushed  durinr  the end  dron  teat,  contributed  a high  edga- 

»#in« coRoression  resistance.     This  exnlanation was nroven by  reieov- 

inp, the  rear end   c^n  before  Cf.>ndurtln^  the  drop   in  Poaition  #?. 

This seconii   flat   drop  resulted  In Much   lower peak  p values.     Secondly, 

The cireum^rent fal   cuts   in  the  enerpy  absorption cylinder core  were 

not   in agreement  with   the design.     As  shown   in  Tlpure   1,  the  solid 

sections of  the  core were all supposed to be  M" wide,  but  the  actual 

widths were greater than <*", thus  giving «ore  contact area than was 

desired.     This  preater   contact  area also caused  the peak  g's   In  the 

Poaition  I? drop  to be  higher than  the  required mlni«u». 
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(continued) 

Tt w«t not*d that the f i r s t peaVs In both Posit ion '1 «nl 

dr*v~>s Men> l«ss than t i e highest &eaV values . This resulted 

from the 'act that the depth of the c lrcunferent ia l cutouts 

were anoroxinately 1/?" l e s s than the depth s p e c i f i e d in the 

design. Thus, az the core continued to crush a f t e r the firtst 

Impact, t h i oorv over the cutout .ire is was pushed dnward to 

f i l l the gam. This i»su l ted in a greater core crmtact area 

with resu l t ing h i ther peak value*. 

2 . » .S Edj^J>ro2_Teii£ 

A saxiaum peak of 30.8 9*% was obtained. This la higher than the 

required mamlwum of ?7 r'» and was caused by lack of s u f f i c i e n t 

depth o* enerry afcsomtion oorr. 
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COME 

PRE - CRUSHED CORE 
ENERGY ABSORPTION 

CORE 

FIGURE 1 CASE H X L - 3 4 7 7 ENERGY ABSORPTION CORE 



TABU: I 

SUWNART OF VIBRATION TEST RESULTS OH CASE HXL-3-H77 

" r FREQUENCY 1 INPUT 
(CPS) 1 <!*•) ACCEL.#1 

VIBRATION ALONG LONGITUDINAL AXIS 

5 . m • 27 

2b 5 m 26 
U S 5 - - 50 
?«!<» 5 • • 9 

VIBRATION ALONC VERTICAL AXIS 

21 2 *.3 • • 

35 2 7.0 5.1 2.8 

its 2 • • S.H 
S9 5 ft.l 10 • 

110 5 n.o • -
1?? 5 • 30 -
120 5 . 59 
195 5 • SO . 
205 S 28 

* A e e t U r o w t t n vara loeatad aa ahown balov. Tha saaa 

inatruaantation was uaad for both taata. Tha arrow* Indieata 

tha diraction alone which aaeh accalaromatar aaasuras ft »aluaa. 

~ 1 1 1 1 1 1 

! 1 
1 1 

1 1 1 1 ! I 1 1 1 1 
1 

J 11 
111 1 1 l 1 1 1 1 1 1 1 1 1 1 1 I 
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HtXCtL USEA&CH 
RtFClKMCI:   6065 

Drop Weight:     205.3  lbs 
Drop Height:     3t   laches 

CONTRACT NO.  DA-04-200-AMC-477(A) 
June   3.   1964 

TABLS  2 

SUIttARY OF DROP TRSTS ON CASE HXL-3-4/7 

See Plfrure   2  ot   TtoKttbS  Hnpott  #4   lot   «x^laMMtlon  ot   Peak  D«   eleiation  and  Duration. 

 r 
I 

Drop 

End 

Flat 

Locat ion  ot    * 
Peak Deceleration  (x)&Duraclon(Bil.aqc.) 

Drop I      Maxiaiuff 2nd Hlaheat 
  g  !    t        g    ;    t 

Rear End 
Cap 

7w 

Position #1 ;3.6 

-I  1  

Flat Position #2        41.7 
I    (90°   frotr.        j 
I    fat    #1) I 

Edga Front  End 
-*" 

30.0 

75.4 

79.2 

33.4 

26.7 

1—. 

3rd Highest 

8 fr 
Ocfornuitlon   (iiuhca) 

36.5 

Remurka 

34.fc 

BoCtotBcd  out 

1.2" with vldth of   10" 
at   frunt   ar>d;   L.b" 
with width ol   lO^"'  at 
rear  end. 

1. J"  with  width ot   IU" 
at   tront  enu,   1.6" 
with width ot   10.5"  at 
rear end. 

j   Front   cap  hottuuied  out; 
rear  end  ot   cyllr.der 

Caused   leakage  In hydroatatic 
cylinder 

The maxlBium peak  appeared  twice 

1      on 

a)     g   valuta  shown  are perpendicular 
, ,.    . ^    ^.     . to   longitudinal  axis  of  case, 

had   1"  with width of b)    Accerometer was   25° with  reapect 
to   longitudinal   axis  of 
cylinder. 

()    The  h>drostatic   lyllnder was 
dama^ud and  caused  leakage. 

u)     Drop an^le  -  50.b0   to  horl- 
zont.i I. 

a)     Drop height WH»   n"   fron the 
dropping edge. 

f)     2nd hlgli peak  appeared   twice. 
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COS TRACT MO. DA-0»-?00-AHC-«»77( A) 
• JH'IE 1 6 , 1S6H 

ATTACH>CMT I I 

STATE HE: IT OF I4AN HOURS CXPENnrn - HAT 196U 

Eaginear-ine: 

Sr. Professional 

Profasaional 

Drafting! 

Tachrt iei^n 

Fabricat ion and Ves t i ng ; 

Techn ic i an 

Other: 

C l a r l c a l 

MAM HuOi<S 

3 . 0 

W 3 . 5 

1?5.0 

?"».0 

TOTAL HOURS EXPENDED: 355.5 
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